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Fariba Esfandiary Darabad, Mehran Maghsoud & Omid Ra-
himi: Bat guano and historical evidence of climate changes in 
the west of Iran during the Late Holocene (Meghalayan Stage)
An 86 cm thick sequence of bat guano layers in the Kolatarika 
Cave in Kurdistan province in the west of Iran was analysed. 
The sequence was radiocarbon dated and covers an age of ap-
proximately 4060 years. The results of geochemical data, statis-
tical studies, along with the investigation, analysis and explana-
tion of historical sources indicate the presence of warm and dry 
climate conditions between ca 2100 BC and 800 CE. These were 
contemporaneous with the occurrence of periods of drought 
and famine during the Achaemenid and Sassanid empires, and 
might have been was one of the causes of their ‘collapse. The 
existence of humid climate conditions between 800 and 1450 
AD was contemporaneous with the period of Medieval Climate 
Anomaly and the historically documented prosperity of farms 
and agriculture during the Seljuk dynasties, the Samanids, and 
the rise of rainfall and river floods during the period of the Ab-
basid caliphate. The presence of cold and humid climate condi-
tions between ca 1600 and 1750 AD was consistent with the 
so-called Little Ice Age and the Maunder Minimum. After this 
period, the climate of this area changed to warm and dry which 
was contemporaneous with the occurrence of famine and sub-
sequent droughts of the late Safavid and Qajar dynasties in Iran.
Key words: palaeoclimate, geochemistry, Little Ice Age, Medi-
eval Climate Anomaly, Kolatarika Cave, Iran.
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Rahimi: Poznoholocenske podnebne spremembe v zahodnem 
Iranu: analize netopirskega gvana in zgodovinskih dokumen-
tov  
V članku predstavimo analize 86 centimetrov debelega za-
poredja plasti netopirskega gvana v jami Kolatarika v provinci 
Kurdistan, Zahodni Iran. Radiometrično ugotovljen starostni 
razpon gvana obsega zadnjih 4060 let. Statistična obravnava 
geokemičnih analiz gvana in raziskava zgodovinskih virov 
kažeta na toplo in suho podnebje v obdobju 2100 pr. n. št. in 
800 n. št. To sovpada s sušami in lakoto v času ahamenidskega 
in sasanidskega cesarstva, kar je bil najverjetneje tudi vzrok 
njunega propada. Analize gvana kažejo na vlažno podnebje 
med 800 n. št. in 1450 n. št., kar ustreza srednjeveški podnebni 
anomaliji in obdobju razvoja kmetijstva in blaginje v času di-
nastij Seldžukov in Samanidov. Vlažno podnebje s padavinami 
je povzročilo tudi poplavljanje rek v času abasidskega kalifata. 
Hladno in vlažno obdobje med letoma 1600 in 1700 sovpada 
z malo ledeno dobo oziroma Maunderjevim minimumom. Po 
tem obdobju podnebje postane toplejše in bolj suho, kar spet 
sovpada z lakoto in sušami v poznem obdobju safavidske in 
kadžarske dinastije v Iranu.
Ključne besede: paleoklima, geokemija, mala ledena doba, 
srednjeveška podnebna anomalija, jama Kolatarika, Iran.
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INTRODUCTION
To investigate climate and environmental changes of Late 
Holocene or Meghalayan Stage (International Union of 
Geological Sciences 2018) a variety of proxies and indi-
cators have been used globally, including ice cores (Dahl-
Jensen et al. 1998; Johnsen et al. 2001), tree rings (Wood-
borne et al. 2015), speleothems (Fleitmann et al. 2007, 
2009; Flohr et al. 2017), marine sediments (Mertens et 
al. 2012), lake sediments (Dean et al. 2015), river and al-
luvial deposits (Kaniewski et al. 2011), aeolian sediments 
and loess deposits (Yu & Lai 2014), and landforms and 
glacial evidence (Sarıkaya et al. 2009). 
Deposits of caves are particularly interesting, be-
cause caves are isolated areas and their physical and 
chemical conditions are fixed in short-term scales (Lau-
ritzen 1993), and provide better preservation of remains 
for environmental reconstruction than those from the 
surface (speleothem, guano, sediments, etc.). Using these 
archives in caves to reconstruction ancient habitats and 
climate conditions in areas lacking other palaeoclimate 
data is very important (Onac et al. 2014). In caves all 
over the world, bats with a sufficient population produce 
large quantities of guano, sometimes accumulating up to 
10 centimetres per year (Hutchinson 1950). These cave 
guano deposits have been investigated in order to recon-
struct palaeoenvironment; for example, the Guano Geo-
chemical studies of caves and sediments of caves for the 
reconstruction of palaeoenvironments by using multiple 
proxies, such as oxygen, carbon, and nitrogen stable iso-
topes (Forray et al. 2015; Royer et al. 2015; Onac et al. 
2015; Campbell et al. 2017), pollen (Forray et al. 2015; 
Geantă et al. 2012; Batina & Reese 2011), charcoal (For-
ray et al. 2015; Stoetzel et al. 2016), geochemistry (Wurst-
er et al. 2017; Onac et al. 2015), radiocarbon dating of the 
guano deposits (Johnston et al. 2010), palynology (Batina 
Fig. 1: Regional location map of the study area in the Iran.
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& Reese 2011; Geantă et al. 2012), bats fossil (Stoetzel et 
al. 2016), palaeontology and palaeoecology (Widga & 
Colburn 2015), many of the authors use a combination 
of multiple of these proxies. 
Environmental and climate conditions are consid-
ered important factors in socioeconomic changes, im-
migration and even the collapse and decline of civiliza-
tions (DeMenocal 2001). Although this is a global issue, 
in some semi-arid regions of the world, like Southwest 
Asia, where water is a key resource for the activity of civi-
lizations, it is more vital (Kelley et al. 2015). For example, 
an increase in aridity is claimed to have been a crucial 
factor in the demise of Akkad empire about 4200 years 
ago (Weiss 2017), and to have led to crop failure, death 
Fig. 2: Temperature and precipitation graphs in the study area (Zarineh Weather Station).
Fig. 3: Topographical and geological map of the study area.
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and famine and migration in the Levant at the end of 
the Bronze Age about 3200 years ago (Kaniewski et al. 
2013). The occurrence of severe drought might have led 
to a decline in the main population and collapse of Maya 
civilization (Medina-Elizalde et al. 2010). It has also been 
claimed that the occurrence of frequent drought has been 
one of the important factors in provoking struggle and 
ongoing conflicts in Syria (Kelley et al. 2015).
The western regions of Kurdistan in Iran are one of 
the most important areas for reconstruction and investi-
gation of palaeoenvironment and palaeoclimate changes 
in the Late Pleistocene and Holocene.
Fig. 4: Map of the Kolatarika Cave and location of sampling section.
Tab. 1: Characteristics of samples with determined age along with the age of AMS 14C, calibrated age as (AD/BC), and the used age to draw 
age model to the depth of guano layers in the Kolatarika Cave of Qalujeh village.
Sample 
name Lab.no
Depth 
(cm)
Sample 
type Age 
14C Remark pMC modern Age  (Cal. yrs. AD/BC)
Age
(Cal.yrs.BP)
( 14C yrs BP)
Gh 1 Poz-87227 14 Guano Modern pMC 100.4 ± 0.29 1952-1956 calAD (99.7%) +2 - +6
Gh 2 Poz-87228 44 - 45 Guano 175 ± 30 ¯ ¯ 1649-1892 calAD (79.1%) 301 - 58
Gh 3 Poz-87229 81.5- 83 Guano 3855 ± 30 ¯ ¯ 2470-2198 calBC (99.5%) 4420 - 4148
ACTA CARSOLOGICA 48/2 – 2019240
BAT GUANO AND HISTORICAL EVIDENCE OF CLIMATE CHANGES IN THE WEST OF IRAN DURING THE LATE HOLOCENE 
(MEGHALAYAN STAGE)
GEOGRAPHICAL AND GEOLOGICAL SETTING OF THE STUDIED CAVE
Kolatarika Cave (“dark cave”) is located in Qalujeh vil-
lage, 35 kilometres from the Divandarreh in Kurdistan 
and western part of Iran (47º 5' 3.5' E, 36º 6' 59.5'N). It 
is 156 metres long and is located 1910 m a.s.l. in a small 
karstic area. The cave area is part of the Qizil Üzan basin, 
and Yulekeshti River flows through its western part (Fig. 
1). The average annual precipitation is 396 mm and the 
average annual temperature is 9.9°C (Zarineh Weather 
Station), with very cold winters and mild summers (Fig. 
2). The spring is very short, while it has very long au-
tumns and winters. According to De Martonne climate 
divisions, this area has a kind of Mediterranean climate. 
Lithologically, the cave is surrounded by creamy and 
pink fossiliferous limestone layers (Founoudi et al. 1998) 
(Fig. 3), and now there is no water in its corridors and 
galleries (Fig. 4).
MATERIALS AND METHODS
An 86-cm deep vertical pit was dug by shovel into 
the bat guano. After cleaning, one section was sampled 
by using aluminium rectangle segments with the size of 
20 cm length. 
The age of three samples of bat guano bulk were de-
termined using AMS dating after going through prepar-
ing stages of samples, including chemical pre-treating, a 
three stage process of treatment with acids and base solu-
tions was carried out to remove organic and secondary 
carbonates, production of carbon dioxide and graphite in 
the Poznan Radiocarbon Laboratory in Poland (Goslar 
et al. 2004). Geochemical analyses including the amount 
of oxides, percentage of loss on ignition material, major 
and trace elements were measured then XRF method at 
the Hesgar Mavad Saba Laboratory (HMS) in Iran. Mul-
tivariate statistical tools including correlation coefficient, 
cluster analysis, and principal component analysis (PCA) 
were determined using PAST software (Hammer et al. 
2001). Historical evidence was analysed using the data 
from historical-geographical sources including historical 
books, reports, and itineraries of different historical peri-
ods through analytical-explanatory techniques. 
RESULTS
CHRONOLOGY
The results of the 14C dating are presented in Tab. 1 and 
Fig. 5. The ages were calibrated using OxCal 4.3.1 soft-
ware (Ramsey & Lee 2013), sum of data and atmospheric 
curve IntCal13 (Reimer et al. 2013), for the Gh1 sample, 
which showed high levels of radiocarbon activity (pMC), 
annexed curves of Post-Bomb04NH2. 14C and Post-
Bomb13NH2.14C (Hua & Barbetti 2004; Hua et al. 2013) 
were also integrated. 
AGE-DEPTH MODELLING
The three dates were used to establish an age-depth mod-
el, based on linear interpolation between all ages of 14C 
using the latest version of Bacon 2.2 software (Blaauw 
2010) applied in environmental R and R-Studio software 
(R Development Core Team 2013) (Fig. 5). According to 
age-depth model, using three ages of 14C, guano layers 
have been deposited for 4060 years till now in the Kola-
tarika Cave. 
GEOCHEMICAL DATA AND STATISTICAL 
STUDIES
The results of geochemistry (Figs. 6 and 7) show that the 
guano composition consists of SiO2, Al2O3, Fe2O3, CaO, 
Na2O, MgO, K2O, TiO2, MnO, P2O5 oxides, and Cl, S, As, 
Ba, Ce, Co, Cr, Cu, Nb, Ni , Pb, Rb, Sr, V, Y, Zr, Zn, Mo 
elements. The amount of LOI was also measured and is 
shown in percentages. Correlation results show that there 
is a significant positive correlation between the amount of 
LOI with Na2O (r2=0.5), MgO (r2=0.72), K2O (r2=0.43), 
MnO (r2=0.63) oxides and elements of Cl (r2=0.75), As 
(r2=0.63), Pb (r2=0.64), Zn (r2=0.4). The results of den-
drogram cluster analysis for guano layers show that these 
oxides and elements are in the same group as LOI (Fig. 
6). The results of analysis of main components (Fig. 7), 
along with the drawing of a scree plot, which contains 
about 29.99% of the information related to number one 
main component in guano layers (Fig. 8), and plotting 
the graph of the values of specific vectors of oxides, ele-
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Fig. 5: Age -depth model of 14C age 
on guano layers of the Kolatarika 
Cave.
Fig. 6: Dendrogram cluster analy-
sis for oxides, elements, and LOI 
in guano layers of the Kolatarika 
Cave.
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Fig. 7: The chart of analysis for 
main components of oxides, ele-
ments and LOI in guano layers of 
the Kolatarika Cave.
Fig. 8: Scree plot for guano layers in 
the Kolatarika Cave.
Fig. 9: Presentation chart of values 
of specific vectors for oxides, ele-
ments, and LOI in guano layers of 
the Kolatarika Cave.
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Fig. 10: Comparison of changes in the amount of LOI, MgO, Na2O, and MnO in guano layers of the Kolatarika Cave, time periods of em-
pires and dominant dynasties in Iran and climate changes during the Late Holocene, Meghalaya Stage (Little Ice Age, Medieval Climate 
Anomaly).
Fig. 11: Comparison of changes in the amount of Cl, Zn, Pb, As elements in guano layers of the Kolatarika Cave, time periods of empires 
and dominant dynasties in Iran during the late Holocene, and dominant climate changes during the Late Holocene, Meghalayan Stage 
(Little Ice Age, Medieval Climate Anomaly).
ments, and LOI in number one main component in gua-
no layers shows that the mentioned elements and oxides 
have negative weights (load) and are consistent with the 
results of dendrogram cluster analysis (Fig. 9). Therefore, 
all these results indicate that these elements and oxides 
originate from the same source; it is likely they are bio-
logical elements and have originated from guano, and ac-
cording to Dauwe et al. (2000), most of other elements 
originally belong to guano. These elements include nu-
tritious minerals such as phosphorus (P) and potassium 
(K). Although, these elements exist in small amounts in 
the host rock of the cave, but transition metals in certain 
conditions are adequately repelled by most organisms. 
Also, nutrients are eliminated by organisms beyond the 
amount required for metabolism, so many of these ele-
ments follow a process like still elements and far exceed 
the natural abundance of guano. It indicates that these 
elements are biological elements and originated from 
guano bats. Therefore, for the interpretation of palaeo-
climate, these elements and oxides have been used with 
LOI.
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INTERPRETATION OF PALAEOCLIMATE USING 
HISTORICAL AND ENVIRONMENTAL EVIDENCE
1) The warm and dry conditions (2100 BC - 800 AD) 
coinciding with the Achaemenid period (550-350 BC) 
and the Sassanid period (224-651 AD)
In this climatic period, in terms of LOI level, the oxides 
and major and trace elements with biological origin 
(Na2O, MgO, K2O, MnO, Cl, As, Pb, Zn) were minimal 
(Figs. 7 and 8). The bats of the study region are from 
Rhinolophidae and Rhinolophus Mehely species and 
their food includes insect and mainly Lepidoptera and 
herbal material (Sharifi & Hemmati 2004). There is a 
very strong relationship between the prevailing climate 
conditions, the growth and the number of bat accumu-
lation regarding the density and frequency of insects as 
food (Hoying & Kunz 1998; Hood et al. 2002). There-
fore, based on the decrease in the amount of LOI and bi-
ological elements, it is likely that during this period, the 
hot and dry climate conditions were dominant (Figs. 10 
and 11) which reduced the amount of food, and then 
it caused the reduction of insects and concentration of 
bats in the cave.
This warm and dry period was contemporane-
ous with several historic events such as the excavation 
of several hundred Qanat during Achaemenid period 
(330-550 BC) to fight drought (Sharp, 2009), the ar-
ticle by Xenophon based on the fall of Euphrates (401 
BC) due to the drought of the Euphrates and its adja-
cent regions (Ahmadi 2008). Also, constant famine 
and droughts during the Sassanid period (224-651 
AD), and extensive use of subterranean canals (Qanat), 
dams (such as Shadrawan Dam or Qaysar Dam), and 
water mills were all invented in order to overcome the 
drought (Al-Muqaddasi 1982; Al-Tabari 1996; Lambton 
1996) (Figs. 10 and 11).
Dry climate conditions during this period are 
also indicated by other climate archives. In the Urmia 
Lake record pollen proxies indicate steppe vegetation 
without trees and low levels of water, pointing at a dry 
climate 1500-2550 years ago (Talebi et al. 2016). More 
dry and dusty condition were dominant during the late 
Holocene in Neor Lake, as shown by Al, Zr, Ti and Si 
elements (Sharifi et al. 2015). In Qazvin Plain record 
geological, geomorphic, and chronological evidence in-
dicate drought peak 4550 years ago during the gap of 
settlements (Schmidt et al. 2011). The warmer tempera-
tures were dominant between 4 and 5.3 thousand years 
ago in Zeribar Lake as shown by δ13C and δ18O (Stevens 
et al. 2001). Also water level decreased about 3800-4500 
years ago in Zeribar Lake as shown by palynological in-
vestigations (van Zeist & Bottema 1977). In Khuzestan 
plain presence of very dry conditions 5500 years ago 
led to a decrease in sea level rise (Heyvaert & Baeteman 
2007). In Persian Gulf sea retreated in most of the mari-
time terrace after 5000 years (Bruthans et al. 2006). In 
eastern part of Iran the presence of drought conditions 
have occurred during the middle of Holocene (Walker 
& Fattahi 2011).
2) The warm and humid conditions (ca 800-1450 AD), 
contemporaneous with Medieval Climate Anomaly 
(MCA) or the Medieval Warm Period (MWP), 
contemporaneous with the Samanid dynasties (892-
999 AD), Seljuk era (1038-1194 AD) and the Abbasid 
Caliphate (750-1258 AD) in Iran 
The warm period of Medieval Climate, Medieval Cli-
mate Anomaly and Medieval Climate Optimum in the 
northern Atlantic which may be associated with other 
climate events at that time lasted from around 950 AD 
to 1250 AD (Mann et al. 2009) and was along with cold-
er period of Little Ice Age after that. Some experts have 
emphasized the importance of higher temperature ef-
fects (Bradley et al. 2003) in Medieval Climate Anomaly. 
Regarding the amounts of LOI, oxides, main and 
secondary elements with biological origin (Na2O, MgO, 
K2O, MnO, Cl, As, Pb, Zn), this period has the highest 
rates compared to the previous and next periods. The 
reason (Figs. 10 and 11) is that warmer climate condi-
tions and moderate precipitation increase the frequen-
cy of insects (Williams 1961; Taylor 1963). Increasing 
food income would increase the production of milk by 
mothers and the growth rate of new-borns. These bats 
have only one reproductive season per year (Tuttle & 
Stevenson 1982). Their delivery and lactation cycles 
correspond to the maximum available food in sum-
mer (Barclay & Harder 2003). Young bats should also 
store fat deposits immediately before the start of first 
winter season (Tuttle & Stevenson 1982). Therefore, 
due to the highest amount of LOI and other biological 
elements in this time period, the probability of having 
warm and humid climate conditions was higher in the 
region (Figs. 10 and 11), which caused the increase of 
insects’ frequency, herbaceous materials and provid-
ing favourable conditions for physiological growth and 
number of bat accumulation in the cave during this 
period compared to periods before and after that. Syn-
chronically, these warm and humid conditions with his-
torical events, almost all sources of the Samanid period 
(892-999 AD) refer to the abundance of natural bless-
ings in their territory which was due to the existence 
of moisture and heavy rainfall. Istakhri (also Estakhri) 
(1995) has considered the Samanid territory as the area 
that had the most blessings. In the circle of Islam, it was 
mentioned that in all territories, famine could be seen 
but here it was less. Cities sprinkled with springs and 
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rain water found throughout this ice and snow area (Ibn 
Hawqal 1966) is another sign. Al-Muqaddasi (1982) has 
referred to the abundance of water and its lightness and 
sanity. Also, sources of Seljuk period (1094-1194 AD) 
indicated that river flow and irrigation of all farms and 
villages of Isfahan by Zayande-Rud River refers to the 
existence of humid weather (Ibn Hawqal 1966). Pro-
ducing and exporting a variety of products such as saf-
fron (Al-Hamawi 1979), cultivation of cereals, grains 
and rice (Al-Karaji 1945), the presence of many grass-
lands (Khusraw 2003) and the populous cities during 
the Seljuk period (Pigolevskaia 1975) were related to 
humid climate conditions in this period (Figs. 10 and 
11).
During the Abbasid Caliphate (750-1258), Mus-
lims paid much attention to agriculture and built a 
network of irrigation, dam and different bridges and 
they started agriculture between Tigris and Euphrates. 
During this period, gardens and trees increased and the 
region of “Arze Sawad” appeared which spread from 
Mosul to Abadan, from Al-Qadisiyyah to Hulwan and 
Sarpol-e Zahab, with an area of over three hundred and 
sixty million acres (Hassan 1953). Increase in rainfall, 
flooding of Tigris and Euphrates, flooding and sub-
merge of Baghdad agricultural lands between 232 and 
656 AH (256-846 AD) probably were due to economic 
degeneration of Baghdad in the era of Abbasid Caliph-
ate (Ibn Kathir 1998; Al-Fuwati 2002). It was related to 
warm and humid climate conditions (Figs. 11 and 12).
Hot and humid climate conditions during this 
period are also indicated by other climate archives, in-
cluding: rise of Caspian Sea water level between 750-
1150 AD due to the presence of a humid phase (Ra-
mezani et al. 2016), occurrence of a wet phase without 
dust between years 800-1350 AD between the two dry 
and dust-rich phases of 650-800 and 1350-1500 AD in 
Almalou Lake (Sharifi et al. 2013), prevalence of humid 
climate conditions between 1000-1350 BC in the north-
ern slopes of the middle Alborz (Ramezani et al. 2008), 
the beginning of the maximum of humidity conditions 
about 3000 years ago and reaching its maximum level 
in Medieval Climate Anomaly one thousand years ago 
(Fallah et al. 2017), domination of warm and dry cli-
mate conditions during 800-1100 years ago in Urmia 
Lake (Talebi et al. 2016), descending Caspian Sea level 
due to the occurrence of a dry phase between 500-1300 
AD (Kakroodi et al. 2012; 2015), domination of dry 
conditions from 900-1450 in Oman Gulf (Miller et al. 
2016), downfall level of Caspian Sea to the range of 28 
metres due to the existence of dry phase between 1000-
1250 AD (Beni et al. 2013), and domination of hot and 
dry phase between 800-1400 AD on Neor Lake (Sharifi 
et al. 2015).
Domination of warm and humid climate during 
this period is consistent with other obtained results 
from palaeoclimate conditions of West, Southwest 
Asia, including: existence of a humid phase of 900-
1400 AD in Nar Lake of Turkey (Dean et al. 2015), 
more humid climate conditions in years 1000-1250 
AD in Syria (Kaniewski et al. 2011), humid climate 
conditions from 1000-1300 AD along with the raise 
of water level in Dead Sea (Migowski et al. 2006), the 
humid phase of 700-1600 AD in Dead Sea (Litt et al. 
2012), a humid period between 1400-1430 AD in Syria 
(Kaniewski et al. 2011), warm and humid periods be-
tween 1000-1250 AD in Syria (Kaniewski et al. 2011), 
humid phase between 1000-1200 AD in Tecer Lake of 
Turkey (Kuzucuoğlu et al. 2011), humid phase of 950-
1400 AD in Nar Lake of Turkey (Woodbridge & Rob-
erts 2011), humid periods between 800-1350 AD in 
Çubuk Lake of Turkey (Ocakoğlu et al. 2016), humid 
periods between 1000-1200 AD in the Black Sea coast 
of Turkey (Mertens et al. 2012), humid periods between 
1000-1400 in Black Sea of Turkey (Lamy et al. 2006), 
hot and humid period between 700-1150 years ago in 
Iznik Lake of Turkey (Ülgen et al. 2012), humid condi-
tions between 700-1400 AD in Larnaca Salt Lake in Cy-
prus (Kaniewski et al. 2013), and humid phase during 
Medieval Climate Anomaly period between 700-1300 
AD on the shores of Black Sea in Georgia (de Klerk et 
al. 2009), and results from palaeoclimate conditions of 
Greenland, including: existence of a temperature of +1 
degree Celsius during Medieval Climate Anomaly peri-
od between 700-1200 AD compared to Little Ice Age in 
Greenland GRIP3Dye (Dahl-Jensen et al. 1998), pres-
ence of a concentrated warm phase around 1000 AD 
in Greenland 2 GISP, Dye, Camp Century, Renland, 
GRIP3NGRIP (Johnsen et al. 2001; Andresen et al. 
2004), mild warming between 900 and 1400 years ago 
along with Medieval Climate Anomaly in Disko Bugt 
Greenland (Perner et al. 2013).
3) The cold and humid conditions (1600-1750 AD) 
along with the Little Ice Age and Maunder Minimum 
and warm and dry conditions in Late Holocene, 
Meghalayan Stage, along with the Safavid and the 
Qajar dynasties in Iran
Little Ice Age is defined as an extended period from 
16th century to 19th century. But some experts prefer to 
replace a period of time from about 1300 AD to 1850 
(Miller, 2012).
In this climate period, the amount of LOI, ox-
ides, main and secondary elements of biological origin 
(Na2O, MgO, K2O, MnO, Cl, As, Pb, Zn) had decreased 
compared to the previous period, namely Medieval 
Climate Anomaly (Figs. 10 and 11). Since the available 
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food is expressed in terms of frequency of insects, it 
changes significantly as a function of climate from one 
year to the next (Williams 1961).
For example, lower temperature and heavy rain-
falls decrease the frequency of insects (Taylor 1963). 
Furthermore, Hoying and Kunz (1998) indicate that 
significant decrease would be observed in the growth 
of bats in postnatal stage in summers with a relatively 
cooler degree of temperature and higher precipitation. 
In addition, extreme climate conditions can increase 
the use of hibernation in female pregnant and lactating 
bats (Hoying & Kunz 1998). Also, hibernation reduces 
the metabolism and processes associated with the pres-
ervation of a growing fetus and milk production (Wilde 
et al. 1995), thus it leads to the reduction of birth rate 
in bats. Hood et al. (2002) indicated that by the increase 
of precipitation in the month before birth, body mass 
and length of forearm in bats was the least at the time 
of birth. Furthermore, by a decline of temperature in 
the surrounding environment during the late stages of 
pregnancy, body mass of bats at birth time was signifi-
cantly little. Therefore, it is likely that during this pe-
riod the region had a cool and humid climate (Figs. 10 
and 11). This decrease in temperature and air cooling 
and increased moisture content reduced food (the fre-
quency of insects) and birth rate and caused changes 
in the physiological characteristics of bats. As a result, 
the accumulation of bats in the cave dropped dramati-
cally compared to Medieval Climate Anomaly period. 
These results, namely cold and humid climate during 
Little Ice Age is consistent with other obtained results 
in palaeoclimate of Iran including: rise of Caspian Sea 
surface in the northern slopes of middle Alborz due to 
the presence of cold and humid climate during Little 
Ice Age (Ramezani et al. 2008), a rise in water level of 
Caspian Sea to 44.21 metres (up to 6 metres above the 
present water level) at the beginning of the Little Ice 
Age (Haghani et al. 2016), the last occurrence of up-
raise in Caspian Sea water for 504-615 and 556-670 
years ago (Kakroodi et al. 2012; 2015), domination of 
more humid conditions in Oman Gulf during Little Ice 
Age (Miller et al. 2016), occurrence of last major rise 
2600 years ago and During Little Ice Age in the Caspian 
Sea (Kroonenberg et al. 2007), dominance of cold and 
humid climate and the rise of Caspian Sea water dur-
ing Little Ice Age from 1650 to 1800-1830 in Anzali and 
Amirkola Lagoons (Leroy et al. 2011), higher levels of 
Almalou Lake water as a result of low summer tempera-
tures or high levels of annual rainfall during the Little 
Ice Age (Djamali et al. 2009), upraise of Caspian Sea 
water up to 21 metres during Little Ice Age (Beni et al. 
2013), occurrence of Little Ice Age between 1560-1660 
at the northern slopes of middle Alborz (Ramezani et 
al. 2008), and increase in water surface of Urmia Lake 
due to cold and dry weather during 150-550 years ago 
(Talebi et al. 2016).
Cold and humid climate conditions during Little 
Ice Age in West and Southwest Asia are also indicated 
by other climate archives, including: existence of a hu-
mid phase in 1050-1150, a dry phase in 1150-1250 and 
a humid phase in 1250-1400 AD in the Gejkar Cave in 
the north of Iraq (Flohr et al. 2017), dominance of more 
humid climate during Little Ice Age in Hoti Cave and 
Oman (Fleitmann et al. 2007; 2009), and results of pa-
laeoclimate in Greenland including: reduction of tem-
perature about 0.5 to 0.7 Kelvin degrees during Little 
Ice Age compared to the present time in Greenland Dye 
3 GRIP (Dahl-Jensen et al. 1998), a distinctive sign for 
Little Ice Age, and a distinctive sign for air warming in 
recent centuries in Greenland, 2GISP, Dye, Camp Cen-
tury, Renland, 3 NGRIP, GRIP (Johnsen et al. 2001; An-
dresen et al. 2004), reaching the maximum level of Neo-
glacial in Greenland's iceberg area in the late 1880s and 
beginning of 1900 AD (Funder et al. 2011), progress 
of ice sheets more than the current level during Little 
Ice Age in Greenland (Vasskog et al. 2015), existence 
of cold and humid conditions of Little Ice Age in Tecer 
Lake of Turkey (Kuzucuoğlu et al. 2011), and humid 
conditions during Little Ice Age in the Golhisar Lake of 
Turkey (Eastwood et al. 2007).
Also, this period is consistent with Maunder Mini-
mum period which is known as a long standing period 
(1645-1715 AD) with minimum amount of sunspots 
(Eddy 1976) (Figs. 10 and 11). 
In terms of historical events, the last part of this peri-
od was contemporaneous with decline of agriculture, dry-
ing of several aqueducts and water scarcity, water short-
age in all parts of Iran (Tavernier 1984), increase of mor-
tality in Tabriz, Ardebil, Isfahan and Qom due to famine 
and water scarcity (Hosseini Qomi 1984), decline of wa-
ter and drying up in Zayande-Rud and offering a plan to 
transfer water of Karun to Isfahan (Sanson 1967) along 
with the late Safavid period (1501-1722), occurrence of 
drought, large famine and drying of Zayande-Rud water, 
decrease in the population of regions in Azerbaijan, Yazd, 
Khorasan, Khuzestan, Qom, Kermanshah, Isfahan, Shiraz 
(Okazaki 1986; Curzon 2009; Lambton 1996), during Qa-
jar dynasty (1795-1925) (Figs. 11 and 12). 
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CONCLUSION 
The obtained AMS 14C ages from the 86 cm sequence 
of bat guano layers in the Kolatarika cave of Kurdistan 
province in the west of Iran demonstrate that this se-
quence covers an age of 4060 years. The results of geo-
chemical data, statistical studies, along with the investi-
gation, analysis and explanation of books and historical 
field trip logs refers to the presence of warm and dry cli-
mate conditions between ca 2100 BC and 800 CE, which 
was contemporaneous with the occurrence of periods of 
drought and famine during the Achaemenid and Sassa-
nid empires. The occurrence of such drought conditions 
probably was one of the causes of the collapse of these 
empires in Iran. The existence of humid climate condi-
tions between ca 800 and 1450 AD was contemporaneous 
with the period of Medieval Climate Anomaly, the abun-
dance of prosperity, the prosperity of farms and agricul-
ture during the Seljuk dynasty, the Samanids, and the rise 
of rainfall and river floods during the period of the Ab-
basid Caliphate. The presence of cold and humid climate 
conditions between ca 1600 and 1750 AD was contem-
poraneous with a Little Ice Age and Maunder Minimum 
period. After this period, the climate of this area changed 
to warm and dry which was contemporaneous with the 
occurrence of famine and subsequent droughts of the late 
Safavid and the Qajar dynasties.
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